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( ) (Chisato Suzuki)
1.
,
$y”=f(x, y)$ $(x\in I=[- 1,1], \prime\prime =d^{z}/dx^{z})$
[1] . , 2
(1.1) $\{\begin{array}{l}y’’=f(x,y,y’)(x\in I,\prime=d/dx)y(- 1)=y(1)=0\end{array}$
[1] .
, [1] , (1.1)
, .
. , , f: $I\cross R^{z}arrow R$
, Lipschi tz . , $x\in$
’
I , $y_{1}$ , yz, $z_{1}$ , zz $\in R$








(2.1) $|| y||=\max_{x\epsilon I}|y$ ( ) $|+ \max_{1\epsilon I}|Dy(x)|$ ( $y\in C^{1},$ $D=d/d$ )
.
T:CI\rightarrow CI




(2.3) $g(x,u)=\{\begin{array}{l}l/a(x+1)(x- 1),(x\leqq u\leqq 1)1/z(x- 1)(x+1),(- 1\leqq u<x)\end{array}$
(2.2) T
(2.4) $y=Ty$ in $C^{1}$
(1.1) [2]. , (1.1)
, (2.4) .
3. $(0,2)$-
$X_{k}=\{x_{i} :1 \leqq i\leqq k \}$ $[-1,1]$ (k-l)- Legendre
,
$- 1=x_{1}<x_{2}<$ .... $<x_{k}=1$
. ,
[3] . Green $g(x, u)$ X, Lagrange $P_{i}(x)$
(3.1) $s_{i}(x)=\int_{-1}^{1}g(x,u)\ell_{i}(u)$ du $(i=1,2, \ldots,k)$





(3.2) $\ell_{i}(x)=$ $\frac{\pi_{k}(x)}{(x- x_{i})\pi_{\kappa’}(x_{i})}$ $(i=1,2, \ldots,k)$




$(0,2)$ - . , $p(- 1)=p(1)=0$ $(k+1)$
$p(x)$
(3.4) $p(x)=\sum_{i=1}^{k}$ $s_{i}(x)D^{z}p(x_{i})$
. $X_{k}$ $p(x)$ $(0,2)-$ .
$X_{k}$ Lagrange $\ell_{i}(x)$ .
1. $X_{k}$ Lagrange $P_{i}(x)(i=1,2, \ldots, k)$ ,
.
(3.5) $\sum_{i=1}^{k}\sum_{j=1}^{k}$ $| \int_{-1}^{1}l_{i}(x)l_{j}(x)$ dx $| \leqq\frac{6(k- 1)}{2k- 1}$
: [1] A .
$(0,2)$ - .
2. $(0,2)$ - $p_{k}(x)(k\geqq 2)$ , .
(1) $\sup_{x\in I}|p_{k}(x)|\leqq L_{k}Y$
(2) $\sup_{x\in I}|Px’(x)\{\leqq 2L_{k}Y$
3
$*1l\theta$
Lm $=\sqrt{(k- 1)}/(2k- 1)$
$Y=\sup_{0\leq i\leq k}$
$|y_{i}|$
:(1) [1] 1 ([11 ).
(2) (1) . , (0-,2)- pk(x) X
, .









a $( x)=[\int_{-1}^{j\iota}(u+1)^{Z}du]$ $\geqq 0$ , $b(x)=[\int_{x}^{1}$ (u-1) $z_{du}]$ $\geqq 0$
A $( x)=a(x)+b(x)=\frac{(1+x)^{3/Z}+(1- x)^{3/l}}{\sqrt{3}}\leqq A(1)=\frac{2\vee^{r}T}{\sqrt{3}}$ $x\in[- 1,1]$
, $|y_{i}y_{j}|\leqq Y^{z}$ , 1
$|Px(x)|\leqq\iota/aA(1)$ LhV-ll $Y$ $(x\in[- 1,1])$
.
, $(0,2)$ - compact .




$||p_{k}(x)||\leqq M_{B}<\infty$ $(k\geqq 2)$ ‘ . $tt$
$M_{B}>0$ . , 2
$|| Px(x)||=\sup_{*\epsilon I}|Px(x)|+\sup_{*\epsilon\iota}|$ Dp $k(x)|$
$\leqq 3L_{k}Y$
$\leqq 3Y/2^{1/Z}\equiv M_{B}$ $(i=2,3, \ldots)$
, $x,$ $y\in I$ , $|$ x-z $|\leqq 1$
$|P\kappa(x)- p_{k}(z)|+|$ Dp $k$ (x)-Dp $k(z)|\leqq M_{C}|$ x-z $|1/Z$
k (\geqq 2) Mc<\infty \infty . , [11
2
$|p_{k}(x)-p_{k}(z)-|\leqq M_{0k}|$ x-z $|$
$M_{0k}=2L_{k}\sup_{\iota\leq i\leq k}|y_{i}|\leqq\sqrt{2}Y\equiv M_{0}$
, $y_{i}$ $k$ $|y_{i}|\leqq Y<\infty$
$Y>0$ .
$|Px(x)- p_{k}(z)|\leqq M_{0}|$ x-z $|\leqq M_{0}|$ x-z $|$ ””
.
$|$ Dp $k$ (x)-Dp $k(z)|\leqq M_{1}|$ x-z $|\iota/z$
Ml<<\infty .
$v_{k}=$ ($Dp_{k}$ ( )-D $p$ $(z)$ )
. , \langle $x>z$ .
$v_{k}=^{\iota}/a\{\int_{-1}^{x}(u+1)\sum_{i=1}^{k}\ell_{i}^{-}(u)y_{i}du-\int_{x}^{1}$ (u-1) $\sum_{i=1}^{k}p_{i}(u)y_{i}du\}$
$-1/ 1\{\int_{-1}^{\epsilon}(u+1)\sum_{-,i-1}^{k}p_{i}(u)y_{i}du-\int_{z}^{1}$ (u-l) $\sum_{i--1}^{k}p_{i}(u)y_{i}du\}$
122
$=^{1}/I \{\int_{z}^{x}(u+1)\sum_{i=1}^{k}\ell_{i}(u)y_{i}du+\int_{\epsilon}^{x}$ (u-1) $\sum_{i=1}^{k}p_{i}(u)y_{1}du\}$
$= \int_{\epsilon^{0}}^{x}$ $( \sum_{i=1}^{k}\ell_{i}(u)y_{i}]$ du
. Scbwarz , .
$|$ Vk $| \leqq\{\int_{e}^{x}u^{z}du\}\iota/z\{\int_{l}^{x}$ $[ \sum_{i=1}^{k}\ell_{i}(u)y_{i})z_{du}\}\iota/z$
$\leqq\frac{1}{3}|$ (x-z) $(x^{z}+xz+z)|$ ” $\{\int_{-1}^{1}(\sum_{i=1}^{k}l_{i}(u)y_{i}]z_{du}\}\iota/z$
$\max_{- Ix.z\leq}1|x^{z}+xz+z^{z}|<3$ $(x>z)$
$|$ Vk $| \leqq\sqrt{|X-l|}\overline{\sqrt{3}}\{\sum_{i=1}^{k}\sum_{S=1}^{k}$ $| \int_{z}^{x}p_{i}(u)\ell$ a(u)du $|$ $|$ $y_{i}y:|$ $\}1/Z$
. , 1
(3.6) $| v_{k}|\leqq[\frac{2(k- 1)}{2k- 1}]1/Z\sup_{1\leq i\leq k}|y_{i}||$ x-z $|1/z\leqq M_{1}|$ x-z $|1/Z$
. , $M_{1}\equiv Y$ .
, k Mr $\equiv M_{0}+M_{\iota=}$ $(1 +\sqrt{2})$ Y , $(0,2)$ -
.
$(0,2)$ - . .
4. $y(x)$ $y(- 1)=y(1)=0$ I 2
. $y(x)$ $X_{k}$ $(0,2)$ -
$p_{k}(x)=\sum_{i=1}^{k}s_{i}(x)$ D”y( ) $(k=2,3, \ldots)$






, $(0,2)$ - ( ,
[11 3 )..
4.
yz’ y3’...,yK-1 $z_{1},z_{Z},$ $\ldots,z_{k}$ (k\geqq 2)
(4.1) $y_{j}=\sum_{i=1}^{k}s_{i}(x_{S})f(x_{i}, y_{i}. z_{i})$ ($j=2,3,$
$\ldots$
,k-l)
(4.2) $z_{j}=\sum_{i=1}^{k}t_{i}(\grave{x}_{j})f(x_{i*}y_{i*}z$ $(j=1,2, \ldots,k)$
. , $y_{1}=y_{k}=0$ ,
(4.3) $t_{i}(x)=\{\int_{-1}^{x}(u+1)\ell_{i}(u)du-\int_{x}^{1}$ (u-D $\ell_{i}$ (u)du $\}$
, 2 k
, $(\{y_{i}\}, \{z_{i}\})k$ . $k$ ,






5. l|{4 . $\backslash \mathfrak{l}$
(4.4) .
1. $f$ \S 1
(5.1) $(\{y_{i}\}. \{z_{i}\})_{k}$
(1.1) k . $y_{k}(x)$ k
, . k , .
(i) $||y_{k}-y^{*}||arrow 0(karrow\infty)$
$\{y_{k}(x)\}\subset\{y_{k}(x)\}$ $y^{*}(x)\in C^{1}$ .
(ii) $y^{*}(x)$ $y^{*}=Ty^{*}$ .
:
(i) : $(\{y_{i}\} . \{z_{i}\})k$ $f(x,y, z)$
$\{f(x_{i}. y_{i*}z_{i})\}$
. , 3 , $\{y_{k}(x)\}$ , .
$ $\{y_{k}(x)\}$ sequentially compact , $\{y_{k}(x)\}\subset\{y_{k}(x)\}$
$y^{*}(x)\in C^{1}$ ( [4] , 227 ).
(ii) : $y^{*}(x)$ $y^{*}=Ty^{*}$ , (i)
$\max_{*\epsilon 1}$
$|$ $(Ty^{*})(x)- y_{k}(x)|arrow 0(k’arrow\infty)$
.
$u^{*}=Ty^{*}$ , $u^{*}$ 2 .
$(Ty^{*})(x)-y_{k}$ ( ) $=$ $u^{*}(x)$ $-$ $\sum_{i=1}^{k}$ $s_{i}(x)D^{2}u^{*}(x_{i})$
$+ \sum_{i=1}^{k}$ $s_{i}(x)f(x_{i}, y^{*}(x_{i}),Dy^{*}(x_{i}))- y_{k}\cdot(x)$
-.
$!_{(}2\{0\ulcorner$
(5.2) $|$ $(Ty^{*})(x)- y_{k}(x)|\leqq$ $|$ $u^{*}(x)- k\sum_{i=1}$ $s_{i}(x)D^{z}u^{*}(x_{i})$ $|$
$^{}arrow\backslash$
$+$ $s_{i}(x)f(x_{i*}y^{*}(x_{i}),Dy^{*}(x_{i}))- y_{k}\cdot(x)$ $|$




$s_{i}$ $(x)f(x_{i}, y^{*}(x_{i}),$ $Dy^{*}(x_{i}))- y_{k}(x)$ $|=| \sum_{i=1}^{k}s_{i}(x)\Delta f_{i}$ $|$
.
$\Delta f_{i}=f(x_{i*}y^{*}(x_{i}), Dy^{*}(x_{i}))- f(x_{i}, y_{k}(x_{i}),$ $Dy_{k}(x_{i}))$
Lipschi tz \Delta f,
$|\Delta f_{i}|\leqq L\{|y^{*}(x_{i})- y_{k}(x_{i}). |+ |Dy^{*}(x_{i})- Dy_{k}(x_{i})|\}$
$\leqq L$ $($
$\max_{x\epsilon\iota}$
$|y^{*}(x)- y_{k}(x)|$ $+$ $\max_{x\epsilon\iota}|Dy^{*}(x)- Dy_{k}(x)|$
$\leqq L||y^{*}- y_{k}||$
. , 2(1) , .
$| k\sum_{i=1}$ si $(x)f(x_{i}.y^{*}\backslash (x_{i}),Dy^{*}(x_{i}))- y_{k’}(x)$ $|\leqq L_{k}L||y^{*}- y_{k}||$




(4.2) $s_{i}(x_{J}),$ $t_{i}(x_{l})(i,j=1,2, \ldots, k)$ .
si(Xj) [5] . , si(X) (3.1) $s_{i}(\pm 1)$
$=0$ $k+1$
(6.1) $s_{i}(x)=(x^{z}- 1)\sum_{p-- 0}^{K-1}\alpha_{pi}$ $p$
, $s_{i}(x_{i})$ . , \alpha pi ,
126
$p_{i}(x)$
(6.2) $p_{i}( x)=\sum_{p=0}^{k- 1}\beta_{pi}x^{p}$
\beta pi , [5].
(6.3) $\alpha_{pi}-\alpha_{p+Z}=q_{p}$ ($p=k- 3$ , k-4, ...,2, 1,0)
, $q_{p}=\beta_{pi}/[(p+1)(p+2)]$ .
$\alpha_{k- 1\cdot i}=\beta_{k- 1\cdot i}$
$\alpha_{k- 2i}=\beta_{k- zi}$
, .
, $t_{i}(x_{j})$ . $t_{i}(x)$ $s_{i}(x)$ 1
k . , $t_{i}(x)$
(6.4) $t_{i}(x)=\sum_{p=0}^{k}\gamma_{pi}x^{p}$
, Tpi $s_{i}(x)$ \alpha pi , .
$Toz$ $=-\alpha_{1i}$
$\gamma_{1i}$ $=2(\alpha_{0i}-\alpha_{2i})$
$r_{pi}$ $=(p+1)(\alpha_{p-1*i}-\alpha_{p-2i})$ ($p=2,3,$ $\ldots,$ k-2)
$\gamma_{k- 1i}=$ $k\alpha_{1i}$
$\gamma_{ki}$ $=(k+1)\alpha_{k-1}$ .
, (6.4) (4.2) ti(xa) .
, [1] (
) ($k=3$ ) (4.1), (4.2) $\{s_{i}(x_{1})\}$ $\{t_{i}(x_{i})\}$
.
(6.5) $\{\begin{array}{l}s_{1}(x)=(x^{4}- 2x^{3}+2x- 1)/24s_{2}(x)=-(2x^{4}- 12x^{3}+10)/24s_{s}(x)_{--}(x^{4}+2x^{3}- 2x- 1)/24\end{array}$
127
(6.6) $\{\begin{array}{l}t_{1}(x)=(2x^{3}- 3x+1)/12t_{l}(x)---(4x^{3}- 12x)/12t_{3}(x)--(2x^{3}+3x^{l}- 1)/12\end{array}$
. , $x_{1}=- 1,$ $x_{2}=0,$ $x_{3}=1$
$s_{1}(0)=- 1/24$ , $s_{\mathcal{E}}(0)=- 5/24$, $s_{3}(0)=- 1/24$
$t_{1}(- 1)=- 4/12$ , $t_{2}(- 1)=- 8/12$ , $t_{3}(- 1)=0$
$t_{1}(0)=1/12$ , $t_{Z}(0)=0$ , $t_{3}(0)=- 1/12$
$t_{1}(1)--0$ , $t_{Z}(1)=8/12$ , $t_{3}(1)=4/12$
. , (4.1) (4.2) , .
(6.7)
$\{\begin{array}{l}y_{Z}=-(f_{1}+10f_{Z}+f_{3})/24v_{1}=-(f_{1}+2f_{l})/3\cdots\cdot o_{1}v_{2^{=}}(f_{1}- f_{3})/12\cdots\cdot Ov_{s^{--}}(2f_{l}+f_{3})/3\cdots\cdot\copyright\end{array}$
, $f_{1}=f(-1,0, v_{1}),$ $f_{2}=f(0, y_{1}, v_{2}),$ $f_{3}=f_{3}$ ($1,0$ , V3). (6.7) yz’ $V_{1},$ $v_{Z}$ ,




. , , 3 .
1
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